Is Greece more or less indebted than either Portugal or Ireland? Which of the three countries is most burdened by its debt? In our recent research, 8 we have argued that in order to obtain answers to these questions it is necessary to look closely at statistics on government indebtedness and the process by which these statistics have been constructed. We have also proposed a number of measurement changes for sovereign indebtedness and shown how different statistics can give at times a radically different impression as to indebtedness patterns throughout the developing world.
In this Chicago Fed Letter, we apply our same measurement techniques to the debts of Greece, Ireland, and Portugal and show that plausible alternative measures of indebtedness suggest that Greece is anywhere from as much as 50% more indebted to as little as half as indebted as either Portugal or Ireland. We argue that most reasonable measures imply that Greece is far less indebted than is commonly reported, and that indebtedness levels across these three economies are roughly similar.
The measurement problem
To illustrate the effect that measurement choices have on estimates of the relative indebtedness of countries, we created estimates of the cash flows required to repay the debts of Greece, Ireland, and Portugal as they are projected to be at the end of 2015. In light of the scant available details, we do not adjust cash flows for the most recent Greek bailout announced in August 2015. The data we use come from multiple sources. Data on expected Greek debt payments are taken from a Wall Street Journal (WSJ) article published in June 2015. The article contains information about all future principal repayments Greece is expected to make from mid-2015 until the end of 2057. Data on interest rates come from WSJ, IMF, and European Financial Stability Facility (EFSF) reports, and from Zettelmeyer, Trebesch, and Gulati. 9 In comparison to the aggregate official values at the end of the first quarter of 2015, our data on principal repayments are about 10% smaller. Our data do not include short-term loans (repos), most of the debt owed to the European Investment Bank, and loans from the Greek central bank because we do not have information about the distribution of future payments.
The data from Portugal and Ireland come almost entirely from their public debt management authorities (IGCP in Portugal and NTMA in Ireland). 10 The IGCP and NTMA publish data on expected principal repayments on its medium-and long-term debt and provide information on interest rates, which can be matched to the projected principal repayments. The data for Portugal are based on information at the end of January 2015, while for Ireland they are for the start of August 2015. In the cases of Portugal and Ireland, our data on principal repayments are about 15% smaller than the official debt stock reported by Eurostat. This difference is mostly due to nontradable debt for which we were not able to find information beyond its face value.
With the data on principal repayments and corresponding interest rates, we estimate the annual interest payments that are expected at every point in time from 2016 until the date of the last expected principal repayment. We take into account the existence of different types of instruments (e.g., coupon bonds, amortizing bonds), as well as information on grace periods from official creditors such as the EFSF.
The resulting projections of cash flows, scaled by 2014 GDP for comparability, are plotted in figure 1. Blue bars represent principal repayments and red bars represent interest payments. Three facts are immediately clear. First, interest payments make up a relatively small fraction of Greece's projected cash flows, reflecting the fact that they have been able to borrow from official sources at subsidized interest rates. Second, both Portugal and Ireland face far larger cash flow requirements, relative to the size of their economies, than Greece for the next ten years. Third, after this ten-year period, the required repayments on Greece's debt will far exceed those of Portugal and Ireland, measured as a fraction of their economies.
From these graphs it should be clear that whether or not we view Greece as more or less indebted than Portugal and Ireland depends on how we weight cash flows in the near future (next ten years) versus cash flows in the far future (more than ten years). Different statistics that weight these cash flows in different ways can be expected to give very different answers.
Alternative recipes for quantifying government debt
How do debt statistics currently weight together these cash flows? For the most part, debt stocks are measured and reported at face value. 11 Defined as the undiscounted sum of future principal repayments, face values simply add up the heights of the various blue columns in each panel of figure 1. Not surprisingly, Greece has a lot of debt when measured at face value; as shown in figure 2, panel 1, the face value of Greece's tradable debts totals 144.1% of GDP, compared with 98.5% for Portugal and 91.5% for Ireland. That is, at face value, Greece is 57% relatively more indebted than Ireland and 46% more indebted than Portugal. As shown in figure 1 by the small red bars, Greece has been able to borrow at much lower interest rates than either Ireland or Portugal. An alternative measure of indebtedness takes the undiscounted sum of all payments on debt, principal plus interest. (Dias, Richmond, and Wright, 2014, refer to it as the zero-coupon equivalent (ZCE) face value of the debt.) As shown in figure 2, panel 2, the difference between the countries narrows somewhat when ZCE face values are used: Greece now has only 43% more debt than Ireland and 44% more than Portugal.
The attractive feature of ZCE face values is that they control for differences in the contractual structure of a country's debts-differences in interest rates, maturities, and whether or not the debts were sold at par or at a discount-and measure relative debt stocks under the assumption of a common portfolio of zero-coupon debt contracts. Of course, although they are very useful for many purposes, there is no reason why we should focus exclusively on zero-coupon debts; we could just as easily construct 5% coupon equivalent face values of debt. This turns out to be equivalent to simply measuring the present value of the cash flows associated with a country's debts. Using a 5% interest rate assumption, figure 2, panel 3 shows that Greece now has 7% more debt than Ireland and 5% less debt than Portugal.
Is 5% the right interest rate to use? It is certainly a conventional choice (e.g., Schumacher and Weder di Mauro; IMF, 2013 12 ). But in this era of very low interest rates, 5% may be a little high. One interesting calculation is to ask what the value of these debts would be if they had been issued by a country with no risk of default, such as Germany. Using yield curves for German government bonds, we can construct risk-free present values; we present them in figure 2, panel 4. Using this measure, Greece's debts barely change as Greece is already borrowing at very low rates, while Portugal and Ireland's debts rise: Greece is now 30% more indebted than Ireland and 24% more indebted than Portugal.
As one last alternative, we can discount a country's entire debt repayment cash flows by the interest rates embodied in its currently traded debts to obtain an estimate of the market value of a country's debt. This assumes that the likelihood of repayment of Greece's EFSF debt, for example, is the same as that for privately held bonds. Under these assumptions, as shown in figure 2, panel 5, Greece appears to have less than half as much debt as either Portugal or Ireland. These numbers are closer to the estimates computed under the IPSAS standard, which records a debt at market value at the time of issue and allows for the accretion of this debt if the contracted interest rate on the debt is less than the yield to maturity of the debt. This approach has the counterintuitive implication that the more likely a country is to default, the less indebted it will look.
In sum, depending on the choice of statistic, we can find that Greece is either half again as indebted as Ireland and Portugal or less than half as indebted.
Is there a "right" debt statistic?
In our previous work, we have argued that the right debt statistic to use is probably going to be quite sensitive to the precise purpose for which the data will be used. In the case of forecasting default, for example, the right measure will probably also need to reflect the particular circumstances of the country being considered. In some cases, it is also necessary to look at other statistics, such as net interest expenses, as well as debt stock measures in order to obtain a complete picture of a country's debt portfolio. Forced to work with one statistic, we have tended to emphasize ZCE face values, as they are a theoretical upper bound on calculated face values and are convenient for mapping to models that assume a zero coupon debt structure.
For some purposes, however, it may be possible to come up with a sufficient statistic for addressing a particular question independently of the model assumed by the researcher. In Dias, Richmond, and Wright (2015) , we show that when a researcher is interested in the welfare benefits of debt relief and debt forgiveness, it is sufficient to use the consumption capital asset pricing model (CCAPM) to value a country's debt stock (or the change in that stock as a result of debt relief). In what follows, we estimate the CCAPM under the assumption that real consumption growth rates in euros for each country follow a first-order-autoregressive process.
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Figure 2, panel 6 shows that the equivalent variation, in terms of current period consumption, of forgiving all of Greece's debts is less than that for Portugal and roughly the same as for Ireland. This reflects both the time path of cash flows and the level of current consumption in each country. For Greece, current consumption is very low, so that forgiving far future cash flows, after consumption is expected to have recovered, is worth relatively little in terms of current consumption; for Portugal, forgiveness is worth more, because the required cash flows are higher in the near future when consumption is expected to remain low.
Comparing panels 5 and 6 of figure 2, we can see that the social cost of the debt (panel 6) is less than the market value of the debt (panel 5) for both Portugal and Ireland. In normal times, this is the expected state of affairs: A country is a borrower precisely because it values future debt repayments less than the market values them. If markets were perfect and borrowing unconstrained, Portugal and Ireland would borrow until the two values were equated; the fact that they are not equated suggests that maturity extensions for both that preserved market values would be Pareto-improving.
14 For Greece, however, market values are less than social values, implying that debt forgiveness-a complete debt write-off-would increase Greek welfare more than creditor welfare was reduced. This is under our assumption that official debts are valued at the rates encoded in privately traded debts. If, alternatively, Greece's official debts were valued using risk-free discounting (figure 2, panel 4), the market value would lie above the social cost and simple maturity extensions would be Pareto-improving for all three countries.
Conclusion
Much of the debate about the debts of Greece and the rest of peripheral Europe has been informed by statistics that measure debt stocks at face value and show that Greece is significantly more indebted than Ireland and Portugal. We have shown that alternative, and arguably preferable, measures of debt stocks paint a very different picture, with some suggesting that Greece is roughly as indebted as either Ireland or Portugal. Measures based on the welfare cost of servicing debt, in particular, provide a case for debt forgiveness for Greece and maturity extensions for Portugal and Ireland.
At the same time, GDP may not be the right measure of available resources to a country as it does not include net factor income from abroad. An alternative measure that takes this fact into account is gross national income (GNI). In the cases of Greece and Portugal, this distinction is not very relevant, as the two measures are virtually identical for the two countries. In the case of Ireland, this is not true. In 2014, GDP in Ireland was €185.4 billion, while GNI was €158.3 billion. This large difference means that if the calculations shown above were presented as percentage of GNI, all figures for Ireland would be 17% larger.
